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doi: 10.17221/398/2016-CJFS The diversity of white wine types and winemaking methods has strongly decreased in the last 20-30 years because of strategies related to the world market, consumer tastes and preferences towards the use of a few universally appreciated techniques. Methods for inoculated alcoholic fermentation (AF) apply rather few commercially available yeast strains and the use of active dry yeasts (ADY) has replaced traditional practices that were based on indigenous yeast strains. A good-quality wild microflora, however, can produce spontaneous AF with excellent results and interesting wines characterised by a complexity of flavour, intense aroma persistency, overall distinction and vintage variability (Ribéreau et al. 2007) . Recently, a new approach in managing inoculated AF consisting in the use of indigenous Saccharomyces or non-Saccharomyces yeasts has been implemented (Medina et al. 2013) . The use of mixed starters of selected non-Saccharomyces yeasts and S. cerevisiae strains represents an alternative to both spontaneous and inoculated AF.
Although spontaneous AF on an industrial scale can be conducted either with residual ADY or indigenous strains (Scholl et al. 2016) , the process is ecologically and biochemically complex involving yeasts of various genera but predominantly numerous strains of S. cerevisiae (Hall et al. 2011) . These exhibit successive growth during the process and contribute to the final chemical and sensory quality of wine, which is specific for each combination of strains (Howell et al. 2006) . Could this diversity be harnessed to gain satisfactory results, for in-doi: 10.17221/398/2016-CJFS stance, good fermentation kinetics involving complete processes, and balanced production of aroma compounds? The prevalence of different species or strains during spontaneous AF depends on various factors. The most important factors relate to the yeast killer phenotype, grape healthiness and ripeness, pesticide residues and residual population of ADY strains on winery equipment. Factors related to technological practices include time and amount of SO 2 addition, clarification degree, amount of dissolved oxygen in must and temperature during AF (Albertin et al. 2014) .
The aim of our study was to perform a spontaneous AF with one aromatic (Moscato Bianco) and another more aromatically neutral variety (Welschriesling) of must, in order to isolate indigenous yeasts. We then conducted inoculated laboratory AF to examine the suitability of the naturally retrieved S. cerevisiae isolates, again with one aromatic variety (Sauvignon Blanc) and aromatically neutral variety (Welschriesling).
MATERIAL AND METHODS
Must handling for spontaneous AF. Entirely sound grapes of Moscato Bianco (synonym for the Muscat Blanc à Petits Grains variety) and Welschriesling were aseptically sampled in 2013 in the wine-producing region of Slovenian Styria (north-east of the country) and manually pressed in sterile plastic bags. Samples consisted of approx. 1.5 kg per replicate. Two replicates were taken for Moscato Bianco (MB1, MB2) and three for Welschriesling (WR1-WR3) from different parcels within the same vineyard. Before pressing, a mixture of l-ascorbic acid (35%) and potassium metabisulphite (demoisturised by 55%), and purified gallotannins (10%) were added into the bags in amounts of 0.1 g/kg. Must parameters for Moscato Bianco (Welschriesling) were 165.0 (185.0) g/l fermentable sugars, 8.1 (8.1) g/l total acids as tartaric acid, 101 (113) mg/l yeast assimilable nitrogen (YAN), and a pH of 3.40 (3.16).
Spontaneous AFs were conducted at room temperature (21-23°C). The weights of the fermentors and the amount of released CO 2 was monitored for 48 (Moscato Bianco must) or 39 days (Welschriesling must).
Microbiological analysis and isolation of indigenous isolates. During spontaneous AF, aliquots of must were aseptically sampled to allow determination of yeast species compositions and to count colony forming units (CFUs). The samples were diluted and cultured on Wallerstein Laboratory (WL) nutrient agar (Merck KGaA, Germany). Moscato Bianco must was sampled and microbiologically studied after day 0, 15 and 37, Welschriesling after day 0, 18, 22, and 35. Yeast colonies were classified into non-Saccharomyces and Saccharomyces groups according to overall macro-and microscopic characteristics described in the literature (Compendium of International 2016). Yeast strains of different morphological types were isolated from MB1 and WR2 fermentors, where the highest amount of CO 2 was released and isolation of S. cerevisiae strains was expected. A total of 17 representative isolates were retrieved from both fermentors and cryopreserved in glycerol (10%) at -80°C.
DNA barcode-based species identification. Ten isolates from both fermentors were grown as pure cultures on yeast-malt (YM) medium (yeast extract 3.0 g/l, malt extract 3.0 g/l, peptone 5.0 g/l, glucose 30.0 g/l, agar 20.0 g/l) for five days. Genomic DNA of cells harvested into 2-mm micro-centrifuge tubes was extracted using the NucleoSpin Plant II kit (Macherey-Nagel, Germany) including CTAB buffer according to the manufacturer's instructions. For sequencing the D1/D2 region of the 26S ribosomal gene and the internal transcribed spacers ITS1 and ITS2 including the 5.8S rDNA we followed Glushakova et al. (2010) . Primers used for amplifications were ITS1F (5'-CTTGGTCATTTAGAGGAAGTAA-3') (Gardes & Bruns 1993) and NL4 (5'-GGTCCGT-GTTTCAAGACGG-3') (O'Donnell 1993). Reaction mixtures of 50 µl containing 3 µl MgCl 2 (25 mM), 1.0 µl dNTP mixture (10 mM; Promega), 0.25 µl primers ITS1F and NL4 (100 pM each), 5 µl buffer plus KCl, 0.2 µl Taq Polymerase (5 U/µl; Fermentas), and 1.5 µl genomic DNA were processed on a Veriti PCR machine (Applied Biosystems). The PCR programme consisted of an initial denaturation step of 2 min at 96°C, followed by 35 cycles of 30 s at 96°C (for denaturation), 50 s at 52°C (annealing), 90 s (elongation) at 72°C, and a final extension step of 7 min at 72°C. Agarose gel-checked PCR fragments were directly sequenced with the ITS1F, ITS4 (White et al. 1990), NL1 and NL4 primers (O'Donnell 1993) with the help of a commercial sequencing laboratory. Assembled contigs were compared with sequences deposited in GenBank (http://www.ncbi.nlm.nih. gov/) using BLAST searches (Altschul et al. 1990) .
Microvinifications with isolated strains. As the results of spontaneous AF showed the great potential of indigenous strains to produce the volatile thiols ( Table 2 ) that are typical aroma compounds doi: 10.17221/398/2016-CJFS of Sauvignon Blanc, we used musts of this variety and Welschriesling for these experiments. Two indigenous S. cerevisiae strains, randomly chosen from the isolates, were co-inoculated in both musts. For each variety, a separate AF with a commercial yeast strain was used for a comparison. Sauvignon Blanc must 2013 (fermentable sugars 180.0 g/l, total acids 7.8 g/l, YAN 76 mg/l, and pH = 3.12) obtained from 5 kg of grapes was self-settled after addition of 5-6% H 2 SO 3 (0.6 ml/l). Two indigenous isolates of S. cerevisiae were inoculated for AF as described elsewhere (Jolly et al. 2003) . The inoculum of both isolates was prepared on a shaker in liquid YM. After 18 h of cultivation, yeast cell concentration was measured with a haemocytometer and the yeast suspension was used for inoculation to reach a final concentration of 1 × 10 6 CFU/ml and 1 : 1 ratio. A control AF was carried out with the commercial yeast strain VL3 (Laffort, France). Both AFs were conducted in triplicates in 0.5 l fermentors in a thermostatic cabinet at 16-18°C. After 1/3 and 1/2 of the sugars were depleted, the yeast nutrient diammonium phosphate (each time 0.3 g/l) was added to the must.
The same experiment was performed with Welschriesling must 2013 (fermentable sugars 182.0 g/l, total acids 6.5 g/l, YAN 58 mg/l, and pH = 3.16); the commercial VIN7 strain (Lallemand, Canada) was used in the control AF.
Measurements of volatile compounds. Measurements were taken 2-3 months after completion of spontaneous AF (4 out of 5 samples) and inoculated AF. Measurements of free volatiles such as monoterpene alcohols, acetaldehyde, ethyl acetate and higher alcohols were performed using methods described in Bavcar et al. (2011) . For α-terpineol, citronellol, geraniol, linalool, and nerol, wine samples were diluted with water (Milli-Q; Milipore, USA) (1 : 4) to achieve a 1 : 3 ratio between the liquid and the headspace of a 20-ml SPME vial. Samples were incubated at 40°C for 1 h and monoterpene alcohols were adsorbed to a PDMS/DVB fibre (Supelco, USA). These were identified and quantified with a gas chromatograph (Agilent 7890A; Agilent Technologies, USA) equipped with the MPS 2 automatic sampler (Gerstel, Germany) and coupled with a mass spectrometer (Agilent 5975C; Agilent Technologies) (GC-MS system). The concentrations of volatile thiols (4-mercapto-4-methyl-2-pentanone (4MMP), 3-mercaptohexan-1-ol (3MH) and 3-mercaptohexyl acetate (3MHA) were measured in wine samples after completion of AF using the method described in Tominaga and Dubourdieu (2006) , slightly modified by Jenko et al. (2013) on the same GC-MS system. Hydroxy mercury benzoate (5 ml of a 2-mM solution) and butylated hydroxylanisole (0.5 ml of a 0.02-mM solution) were added to 50 ml of wine sample. After mixing for 1 min, internal standards consisting of 4-methoxy-2-methyl-2-mercaptobutane (4M2M2MB), d3MH, and d3MHA were added and the procedure described in the references was followed.
Statistical analysis. The results were statistically analysed using ANOVA in Statgraphics ® Centurion XVI software (StatPoint Technologies, USA).
RESULTS AND DISCUSSION
Spontaneous AF of Moscato Bianco and Welschriesling. The amounts of produced CO 2 per 100 ml of Moscato Bianco must were 9.2 g in MB1 and 8.8 g in MB2 (Figure 1 ). Both fermentations were characterised after 48 days when the concentrations of unfermented reducing sugars were 44 (MB1) or 35 g/l (MB2). The concentration of yeast cells increased in both fermentors during the experiment and the proportion of non-Saccharomyces and S. cerevisiae cells changed as expected (Table 1) . Representatives of morphologically identified operational taxonomic groups isolated from MB1 at the second sampling time revealed molecular barcodes indistinguishable from deposited sequences of reference strains of the ascomycetous yeasts Hanseniaspora uvarum (retrieved ITS1F/NL4 amplification product, ca. 1400 bp), Starmerella bacillaris (ca. 1000 bp) and Saccharomyces cerevisiae (ca. 1450 bp). The amounts of released CO 2 per 100 ml of Welschriesling must were 1.5 g (WR1), 12.2 g (WR2), and 5.9 g (WR3) (Figure 1 ). The amounts of unfermented reducing sugars in wine were 178 g/l (WR1), 5 g/l (WR2), and 109 g/l (WR3) after 53 days. The CO 2 production correlated with the number of yeast cells in must. These increased in WR2 and WR3 but clearly reduced values were observed at the fourth sampling time in WR2. Because the AF was too weak in WR1 and WR3, no must samples were taken at that time. No S. cerevisiae was found in WR1 and WR3 (Table 1) . According to morphological and microscopic examination, Zygosaccharomyces bailii (retrieved ITS1F/NL4 amplification product, ca. 1400 bp) prevailed in WR1 and H. uvarum and Metschnikowia pulcherrima (retrieved ITS1F/NL4 amplification product, ca. 950 bp) in WR3. In WR2, Z. bailii was isolated at second, third and fourth sampling times (day 18, 22, and 35) while S. cerevisiae only at the fourth (day 35).
It has been reported that spontaneous AF can proceed with sluggish kinetics or even cease because of the long duration of the process or the complete prevalence of non-Saccharomyces yeasts. The lack of nutrients and vitamins that are required for yeast growth, and the presence of inhibitors during the successive growth of different yeasts in must are the main reasons for such observations (Nguyen & Panon 1998; Mortimer 2000) . Because the yeast composition and concentration is unique in must, spontaneous AF also shows unique kinetics in each fermentation process (Hall et al. 2011) . The results of our study confirm these observations. The concentrations of 4MMP and 3MHA were comparable in both Moscato Bianco assays ( As in the Moscato Bianco assay, the concentration of the 3MH compound also doubled in WR3.
It is clear that the persistence of non-Saccharomyces yeasts is responsible for increased concentrations of the above-mentioned volatiles because such species can release high amounts of monoterpene alcohols or thiols from their non-volatile precursors (Mendes Ferreira et al. 2001; Zott et al. 2011) . The differing ratios between non-Saccharomyces and S. cerevisiae yeasts in each fermentor caused considerable differ- a,b significant differences among samples within the same grapevine variety at 95% confidence level; nd -not detected ences in 3MH, linalool and citronellol in Moscato Bianco and 3MHA and 3MH in Welschriesling. Inoculated AF of Sauvignon Blanc and Welschriesling. The exponential growth phase of indigenous yeasts Sauvignon Blanc started only three days later, while that of the commercial strain began already on the first day. A similar delay was also observed for the start of the stationary growth phase. Both AFs lasted 27 days and the amount of released CO 2 was comparable. All AFs in Welschriesling were completed. Their kinetics hardly varied among replicates inoculated with the commercial strain. The AF with indigenous isolates took 24 days to reach a concentration of fermentable sugars below 2 g/l, the commercial strain, 31 days. The total amount of produced CO 2 was significantly lower in the AF with indigenous isolates (9.5 vs. 10.5 g/l).
Five of the six fermentations could be completed with indigenous yeasts, demonstrating that our isolates showed acceptable fermentation ability and efficiency. Only slight delays at the start of the exponential or stationary growth phases were observed. Indigenous isolates even allowed earlier terminations of the processes in the AF of Welschrielsing.
The concentrations of volatile thiols, citronellol (only in the wine produced with commercial strains), ethyl acetate, 2-methyl butanol, 3-methyl butanol, and 2-phenyl ethanol in Sauvignon Blanc wines exceeded the olfactory perception thresholds (Table 3) . The concentrations of 3MHA, linalool, geraniol, 2-phenylethanol, 1-propanol, and acetaldehyde were significantly higher in the wine produced with indigenous isolates, but the concentrations of 3MH and 2-methyl propanol were significantly lower.
The concentrations of volatile thiols, ethyl acetate, 2-methyl propanol (only in the wine produced with indigenous isolates), 2-methyl butanol, 3-methyl butanol, and 2-phenyl ethanol in Welschriesling wines exceeded olfactory perception thresholds (Table 3) . The concentrations of 3MH and α-terpineol were significantly lower in the wine produced with indigenous isolates. All other differences were not significant. Thus, our results confirm that indigenous S. cerevisiae yeasts could produce a suitable aromatic profile in both wines.
CONCLUSIONS
Although the grape samples were small in size, we successfully isolated indigenous S. cerevisiae yeasts involved in the spontaneous AF of Moscato Bianco and Welschriesling must. In both processes, high concentrations of volatiles were released, particularly volatile thiols, by the indigenous non-Saccharomyces and S. cerevisiae yeasts. Therefore, two S. cerevisiae isolates were used in inoculated AF of Welschriesling and Sauvignon Blanc must, and they showed good fermentation abilities which were comparable to the commercial strains. Thus, we confirm that indigenous S. cerevisiae strains can be used to produce wines with suitable aromatic profiles. Our results underline the potential of indigenous yeasts in winemaking and may therefore encourage winemakers to continue with their use.
